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Abstract
In this letter, we use Einstein eld equations in the presence of gravitino cosmological density derived in
a previous paper [1] to study a spatially honogenous, nonisotropic cosmological model, in particular the
Bianchi IV model. We nd a axisymmetric Universe, free of singularity in the past, asymptotically flat
as time grows, and admit the presence of gravitino mass as missing energy and positive cosmological
constant as  > 3m2
One of the most important questions in cosmology is the question of singularity at the be-
ginning of the expansion. Does the Universe expand from the Friedmann singularity, or from
the Planck time? Does the earliest epoch anon-Friedmann one? Does the matter in the Universe
pass through a state of innitely large density? If however, the expansion begin from a singular-
ity, then the requirement on the generality of the solution near the singularity is not obligatory.
In this case the initial conditions determining the solution are specied under conditions not
desirable by present theory. It is possible that processes occuring under these conditions not
desirable by present theory. It is possible that processes occuring under these conditions lead to
special initial conditions for the expansion of the Universe. Therefore, if it could be proved that
the general solution does not contain singularity, then this would still not mean, with certainty,
that the expansions does not begin with a singularity. However, in this approach to the singu-
larity, quantum eects will surely be important and general theory of relativity (GTR) may no
longer be valid. So, under some extreme conditions it is necessary to take into account GTR
and of quantum eects. Note that GTR does not bring new physical quantities into the theory.
We shall nd that the account of quantum eects will introduce theoretical changes in the de-
ductions from classical GTR. A non-zero cosmological constant is important only over very large
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scales for which there are no quantum eects. Recently Randall and Sundrum have proposed
two models in which our universe is a three-brane imbedded in a ve-dimensional anti-de-Sitter
AdS5 as a possible solution to the heirarchy problem between weak and Planck scales [2,3]. In
contrast with the Kaluza-Klein approach, their models are based on the idea that standard model
elds could be conned to a three-dimensional world, corresponding to our apparent Universe,
while gravity belongs to a higher dimensional space. Two important questions arise concerning
rst the validity of these models with respect to the cosmological evolution of the Universe and
second their agreements with recent observations. Due to the fact that the energy density of the
brane is quadratic in the brane Friedmann equations, under minimal conditions, the equations
governing the cosmological evolution of the brane are dierent from those derived in standard
cosmology [4]. In a recent paper [1], we shown show that the brane-Friedmann equations are
identical to those derived in the standard 4D hot Big-Bang model but with an additional density
term playing the role of the gravitino-density. In this letter, we are interested in spatially ho-
mogenous nonisotropic Bianchi cosmological model. The reasons come from the fact that each
Friedmann cosmological models is said to be singular and at present there is no fully accepted
method of dening the structure of the singular boundary points of a general manifold [5]. The
particular case we are interested in is the Bianchi IV type. We nd that for our choice of metric,
an axisymmetric model free from the initial singularity and asymptotically flat as time tends to
innity. In our calculations, we choose h = c = 1 and 8piG = 1. The fluid velocity is uu = −1.
We choose a synchronous system as:







where η = diag(−1, 1, 1, 1), ωi = h(t)ijσij and
dσ1 = 0
dσ2 = σ1  σ2






The sturcture constants are dened by [ζi, ζj] = C
s
ijζs. We have also [Xi, Xj] = −CsijXs. Here ζi
is the killing vector, fXig is an invariant basis such that bζi, Xjc = 0. The basis dual to fXig is
fωig. We may use Lorentz transformations to expunge certain of the C . This later, if treated
as a set of unknowns must be chosen such that the vector basis dual to be basis fωg satises







= 0 and C + C

 = 0 based on symmetry
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requirement. Any set of C satisfying these two conditions denes Lie algebra of a Lie group










dω = −ω  ω (3)
dω + ω







































We follow Harvey and Tsoubellis [7] and we use the following simplest choice for nontrivial
model:
ω1 = a(t)σ1
ω2 = b(t)σ2 (5)
ω3 = c(t)f(t)σ2 + c(t)σ3
and we choose for simplicity b = c and we expect that a(0) = 1
m
. In this case, the model is free









ω0  ω2 + 1
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ω0  ω2 + _c
c
ω0  ω3 + c
ab
ω1  ω2 + 1
a
ω1  ω3
The Ricci tensor to evaluate are R00, R01, R02, R03, R11, R12, R13, R22, R23, andR33. Of the ten
components of the tensor, four vanishes identiacally R02 = R03 = R12 = R13 = 0. The rst two
imply u2 = u3 = 0. In this case, one nd necessarily u1u1 − u0u0 = −1. After evaluating the
non-vanishing Ricci tensor, one cam write the eld equations (1) and evaluate a(t), b(t) = c(t)



























The pressure and the density are derived to be p = − and ρ = −3m2. It is clear that for zero
grtavitino mass p = −ρ as in inflation theory [8]. In order to have a positive density, we need to
have  > 3m2. In the case where we have zero cosmological constant and zero gravitino density,
we fall directly into Harvey and Tsoubelis empty model. We need to have m2 < H20 in order to
have  < 3H20 . In our model, we need a non-vanishing cosmological constant. The evolution of
this model is the same as that of the FRW model without initial singularity [9]. In addition, the
non-vanishing of the Riemann-Christoel curvature tensor converge as time tends to zero. But
the Universe tends to be asymptotically flat as time tends to innity. The Bianchi IV Universe
in such type exists from the beginning as a Friedmann without initial singularity. Investigations
of such model will be delath with a subsequent publications.
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